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GLENN NOWAK, AIA

JASON SACCOLITI

ABOUT

The megaresort and the mini-mart have never
been more closely associated than they are
in this timely study by Jason Saccoliti. Both
have a unique connection to hospitality and to
the automobile. Casino properties along the
National Scenic Byway known as The Strip, and
filling stations/corner stores across America
cater to their guests’ needs through subtle
design decisions that have been fine-tuned over
decades for maximum effect and efficiency.
Las Vegas (often seen as an oasis) owes much
of its existence to the cars that have driven up
from California through the Mojave Desert,
and service stations along the highways have
offered a bit of respite to ensure nary a weary
traveler, but how do these environments evolve
with the emergence of the electric vehicle?

Saccoliti examines everything from the
integration of charging stations across the
ubiquity of our urban infrastructure to an
integrated resort geared toward EV owners
and focused on the generation of renewable
energy to charge guests’ vehicles and make
their automobile and extension of the
architecture. This thoughtful and visually
impactful study provides historical context and
commentary on Las Vegas and service stations
with nuance seldom achieved when making
such archetypally disparate associations. The
graphics both reinforce the narratives and tell
stories all their own.
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“Roads? Where we’re going
we don’t need roads!”
- Doc Brown Back to the Future

Los Angeles 1882

Los Angeles 1956

Los Angeles 2020

Dear, Jason,
In December of 2020, Clark County put forth its sustainability and climate-action plan,
a compilation of efforts named “All-In Clark County” (AICC). Five key areas have been
identified to make our community more sustainable, and sustainable transportation is one
of them. Currently, we have a solar-powered plug-in charging station for electric vehicles
at the Clark County Government Building, a clear indication that we are committed to
leading the zero-emission, sustainability charge.
As part of AICC, multiple actions have been put forth for greenhouse gas (GHG)
reductions, specifically: adopting policies and tech that allows for remote work where
practical, incentivizing alternative commuting modes to driving, shifting the County
vehicle fleet to low-/zero-emission vehicles, installing electric vehicle (EV) charging
infrastructure to support County staff vehicles, supporting the implementation of
Complete Streets policies, applying to become a Clean City through the Clean Cities
Coalition, providing secure bicycle parking and showering facilities for employees at main
County campuses, and promoting the RTC electric bike-share program.
In 2017, before the AICC plan was published, Nevada was already an EV leader. The State
had the second-highest growth rate of EVs in the country; Clark County had the first.
Infrastructure that encourages more EVs on our roads is extremely valuable and having
more accessible and widespread charging stations is necessary in achieving our EV goals.
You can learn more about on our AICC sustainability and climate-action, here.
I also want to share that currently, Clark County has the AICC Transportation
Electrification Working Group (TEWG), whose goal it is to develop, coordinate, and
implement strategies to support EV infrastructure throughout Southern Nevada. Since this
information is centric to your thesis, I have attached a link to the TEWG’s meeting page.
Here, you can get access to all recent meeting presentations, which I hope will provide
additional, current information about your research interests.
Thank you,
Michael Naft
Clark County Commissioner
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The gas station has largely been in decline over the last four
decades. It has been over a hundred years since the United
States reached a peak of a quarter million locations in 1920.
Today, while the gas station may not be as prolific as it once
was, it still is ingrained into modern life as an essential
resource to sustain our current methods of mobility.
However, with the exponential adoption of accessible
electric vehicles emerging onto the market, the days for
many gas stations are numbered. Even electric charging,
which many assume will become the natural successor of
newly vacant gas stations, will struggle to succeed or even
be used, as every electric car owner now has the convenience
of bringing the charging station home at the outlet. Further,
rather than a 5 minute experience in filling up a tank,
electric cars are subject to hours of charge time before
they’re ready to go any substantial distance. The current
architectural experience of the gas station is incompatible
with the coming shift in vehicle infrastructure, and will have
to radically change in response should it exist as a stand
alone structure.

POLEMIC PUMP
Ask nearly anyone who isn’t living
under a rock and they’ll say that
global carbon emissions are a
major looming threat. Ask that
same person where a majority of
said pollution comes from, and it’s
likely they’ll respond with the car.
While cars certainly do produce a
staggering amount of emissions
globally each year (3 billion metric
tons of Co2 to be exact), there is
also a silent, and just as detrimental
ecological threat as the tailpipe - the
Gas Station.
At a typical fueling station of 8
pumps, self service is expected
to spill 3 barrels of fuel annually.
Over the course of a decade, those
same pumps will also emit nearly
151 barrels of gasoline into the
atmosphere. Just 9 barrels shy
of an entire tanker truck. These
fumes which contain chemicals like
Toluene, Xylenes, and Benzene are
also hydroscopically present in fuel
run off. Particularly dangerous,
Benzene has been cited by the
CDC to predispose gas station

151 barrels of refined fuel
spilled & evaporated at average sized
gas station each decade in the United
States

attendants to significantly higher
rates of sinus and throat cancers
as well as dementia. Even worse,
prior to modern EPA regulations
and penalties for high emission
sites, any liquids disposed of on site
show high levels of heavy metal
contamination, especially lead prior
to unleaded gasoline. A multi-year
study in Zimbabwe examining the
pollution on site, which may be used
as a surrogate for pre-regulatory
standards, found other rare earth
metals, cobalt and chromium
in amounts beyond healthy
concentrations.
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Remediation of sites becomes
a significant challenge feasibly
and monetarily, as tanks buried
below the ground which may have
leaked will need to be backfilled or
isolated so as to not cause further
contamination or health risks.
Some current strategies, studied
by the University of Michigan
Architecture department employ
Phytotechnologies through a
petroleum resistant landscape which
helps both contain and restore the
local ecology.

CHARGING UP
Within the past decade, both Europe and the
United States have seen a large-scale shift to
Electric vehicles. While the US only saw a 2%
market share in 2020, projections over the
next three decades place percentages up to
50-60%. Electrification of our automobility
creates a problem though. The need for
electricity.
As it currently stands in the United States,
typical residential energy consumption is
10,715 kWh annually, or 893 kWh a month.
Electric vehicles charged at home are mostly
plugged into the grid at night, creating a peak
load of up to 50 kWh from a zero charge.
Assuming drivers plug in once a week like at
the pump, this creates an additional 22% kwH
demand or .142 tons of additional Co2 per
household. Homeowners may be able to offset
loads with photovoltaics, but large electric
fleets and those living in urban environments
do not have similar ability to approach net zero
energy mobility.

2%

Electric Vehicle Market Share 2020

40-100 kWh
62%
built chargers
in-construction
Map of Level 1 & 2 Charging Stations in Nevada

Electric Vehicle Market Share 2050

1200
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Cities in the United States have seen a shift
in urban planning over the past 70 years
thanks to the 1956 Federal Highway Aid Act.
Sprawling networks of highways have given
rise to uncontrolled suburban sprawl and
subsequent demand for automobility. As a
result, Americans annually spend $2000 on
gas, consuming over 9 million barrels a day in
the process. Combined, automobile emissions
release 762.3 Million Metric tons of Co2 into
the atmosphere annually.
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Because mobility and therefore gasoline have
become ingrained into modern life, the urban
layout has also been heavily influenced by the
gas station over the past century. Las Vegas
alone has nearly 3 per square mile. With such
a demand, it’s surprising to realize that most
gas stations do not make the majority of their
profit through the sale of gas. The evolution
of the gas station to convenience store and
its integration into local supermarkets over
the past 30 years is a predictor to the next
evolutionary step of the gas station: A charging
station that isn’t a station at all.
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prospectus
In order for charging stations to exist
beyond the plug, they must seamlessly
integrate into design and daily life.

place - product - branding
Today these architectural brandings are
much more subdued, but are still very
much a reflection of our current built
environment. The modernist service
stations and playfully distinct canopies
of the mid century have been replaced
by the utilitarian convenience store
and box canopy. While both function
identically and are based on the oblong
box form, the architectural reflection of
public opinion and optimism towards a
technological future has been usurped
by the corporate American dream of
more more more. As a result over the
last 70 years - for better or for worse the built reflection of a day in the life in
America has become that of a decorated
shopping shed identified only through
brand recognition. Throughout the
evolution of the gas station, barring
curbside distribution however, three
elements have remained constant to
nearly every gas station ever conceived.
The building, the canopy, and the sign.

There are not many branding
campaigns which have used architecture
as a marketing strategy to the degree of
success that the gas station has achieved
over the last century. Discussed at
length in the American Gas Station,
the brand architecture employed by
petroleum companies has become
synonymous with roadside america,
googie mid-century modern, and a
reflection of the current architectural
vogue trends. The ubiquitous googie
modern aesthetic associated with mid
century vehicles and gas stations, for
example, was a marketing strategy
employed by standard oil, which looked
to use the clean surfaces and modern
forms of the international style to
reflect themselves as a modern brand.
The campaign itself was so successful
over the decade that nearly all industry
followed suit until the modernist style
fell out of favor for larger, more distinct
individualistic brand architecture of the
1960’s and 70’s.

mainfesting brand

I. The Sign
Architecturally, the sign has
been around for millenia for the
purpose of identification and
wayfinding. However, within the
last century, the architectural
surface of the sign has
significantly changed in response
to the advent of the automobile.
Details which could be read and
focused upon at a pedestrian level
become a blur when read from
the car, causing signs to become
bigger and more braggadocious
in response. Las Vegas, the once
mecca of autocentric signage has
been instrumental in crafting the
modern anatomy of the roadside
sign.
Described by Densise Scott
Brown and her studio during
their trip to Las Vegas in 1968,
The modern sign consists of
two elements; heraldry and
information. Heraldry, or
the brand itself is the most
prominent of the display and is
hierarchically placed at the top
or midpoint of signs. It functions

heraldry

as a form of place-productbranding, providing a condensed
image of branding through
iconography and identification.
Below the heraldry, information,
at a large scale is shown to
provide specifics about the
product or service advertised.
The notion of a sign, especially
as it has evolved into the 20th
century has taken the form of any
kind of symbology. As such, for
brands to identify themselves, in
the roadside environment almost
anything goes, from flat signs to
full mimetic architecture. Should
EV stations take a queue from
current signage trends, mimetic
architecture may see a revival to
capture customer interest in an
ever growing sea of signage.

modern mimetic sign, las vegas

information

car scale/speed

anatomy of a roadside sign

II. The Canopy
The Canopy is an extension of placeproduct-branding. Like the sign, it
also functions as a distinctive form
of heraldry, but may also convey
implicit branding messages through
architectural surfaces. Functionally
however, the canopy only serves
two purposes, shade from sun and
shelter from rain. Because of their
scale and distinctive stick and
platform shape to achieve this, the
canopy also functions as a symbol
of placemaking. Unique from the
surrounding buildings and a sea
of roadside signage, the canopy
is often the most recognizable
feature of modern day gas stations.
Operators are aware of this, and as
a result, the modern canopy design
incorporates elements of heraldry
into the parapet facades of canopies
to differentiate their brand from
others.

minimal frame
platform roof

brand

anatomy of an american gas canopy

concrete spill pad

Architecturally and structurally, the
canopy is distinct for it’s clear spans
and cantilevers required to cover
up to 16 cars with high efficiency
structure. In framing, the modern
canopy consists of four to six wide
flange columns which support 2
rows of similarly sized beams.
The remaining structure is formed
through light gauge framing and a
system of interlocking metal panels
which function as both decking
and beams. While the majority
of the structure is mainly facade,
the rigid primary structure of the
canopy creates unique opportunities
for architectural and structural
adaptations into an actually
occupiable structure.

III. The Building
Over the course of the last century the
typology of the service station has evolved
to meet customer expectations and has
significantly grown in the process. The 900
S.F. roadside sheds of the 20th century have
been usurped by 5400 S.F. convenience
facilities of today, providing a dizzying
array of products and services. Formally
beyond scale however, there has been little
innovation on the oblong box structure
which has evolved into the modern
convenience stores that are predominant
today.
Decorated sheds, the distinct product
branding of the facades of service stations
reinforces the the marketing ethos of
a given company through colors, or
architectural detailing along the base or
parapet. The ubiquitous storefront seen on
nearly every convenience store, may be the
only significant evolution that has emerged
over the last 50 years, a change driven out of
safety through transparency. Examining the
wide breadth of programmatic functions
in the modern convenience store, the next
evolutionary step of the typology will
require completely new and imaginative
ideas never seen within the typology before.
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Since its inception over a century
ago, the gas station has constantly
evolved in response to both
the automobile and customer
expectations. From curbside
tanks, full service stations, to the
convenience stores of today, these
sites have shaped both our roadsides
and urban layout. A common
thread throughout the evolutionary
history of the gas station however,
is the growing scale of the sites and
buildings themselves.
In 1950 a typical service station
was 900 square feet, placed on half
acre lots, and accommodated up
to two pumps. Today, many large
scale petroleum distributors are
building 5,200 square foot facilities
on 3 acre sites, with capacity for
up to 12 pumps. The largest Gas
Station in the United States, located
in Jean, Nevada and run by Terrible
Herbst Gaming Corporation is sited
on 9 acres, and features 96 pumps
in addition to a 50,000 square
foot retail, dining, and gaming
experience. This seeming demand

leave

pay
1950

21 sec

0. 75 ac
wait

1990

71 sec

42 sec

15%
alcohol

Average time Spent Fueling
& in Store / 3 mins

1.51 ac

Markup

7%

Transport

8%

Taxes (Federal, State, & Fee)

2020

selection

C-Store Sales by %
$0.28
$0.32

17%
$0.70

9.01 ac

Gas Stations in Las Vegas by Scale Over 70 Years

Refinery

17%

Crude Oil

51%

Estimate Based on $4.09
National Average
(04/13/2022)
Profit made Per Gallon of Gas

$0.70

$2.09

for incorporation into retail activity
was also reinforced by a 2018
gasbuddy study which identified
supermarkets Costco and Smiths
as the largest distributors of gas in
California and Nevada respectively
and that shopping and dining were
the most frequently followed up
activities after filling up. However,
while the gas station has trended
towards all-in-one retail experiences
centered around the car, the actual
average length of customers
experience in a stand alone gas
station is remarkably short.
In 2020 the National Association
of Convenience Stores published
that beyond fuel purchases, average
customer engagement within the
store itself was on average less than
three and a half minutes from entry
to exit. The most popular items
purchased by customers in that time
frame? Tobacco and beer. Surely
the most prolific and accessible
architecture we experience in our
daily lives isn’t centered around high
profit margin hedonic goods and
high pollution consumption; and yet
these sites dominate nearly every
major street corner in the United
States.

IN REVIEW

This thesis book is, by far, not the
first attempt at reimagining the
future of the gas station. Since its
inception the typology has been
reinvented by marketing teams
taking contemporary architectural
cues to sell place-product-branding.
It is, however, among the some of
the first modern architectural design
studies seriously tackling the design
and urbanism component of the
gas station as it evolves into the 21st
century.
Gensler, Morphosis and Woods
Bagot have each studied a unique
aspect of the typology through
adaptive and re-imaginative
strategies which helped establish
a modern architectural knowledge
base through the process of this
book’s design studies.
Lastly, this book would be remiss
without mentioning Jackle and
Sculle’s a Gas Station in America.
Although not an architectural
text, the geographer and historian
perspective of the authors provided
a paramount knowledge on the
historical evolution of the gas
station over 70 years and it’s place in
modern urban processes.

THE OASIS
Gensler’s study, published in 2018
in collaboration with athletic
company Rebok, focused their
design studies on the adaptation of
urban and interstate gas stations
into ‘active rest stops.’ Although
the architectural intentions behind
this study are mired by the ulterior
corporate funding and marketing,
there are several architectural
strategies shown in their colorful
and playful diagrams which allude
to continual adaptations of the core
three tectonics of the gas station:
sign, canopy, and building.
One of the studies, named The
Oasis, transforms a site into a
community hub of dining, retail,
and of course Reebok sponsored
athleticism. The canopy turned
covered streetside cafe and drive
through, building turned market
and green roof running field, and
marquee reflecting athletic hi-scores
all demonstrate re-appropriation
of the core three components for
a denser pedestrian scale and use
case. The study also briefly touches

on the urbanism component of the
gas station, mentioning the sheer
number of stations in an urban grid,
sometimes up to one on every corner
of an intersection in their illustrations.
Their solution, a proposed network of
active stations, centered around a single
service provider creates a crossfit gym
across your intersection or interstate
cloverleaf, which they call the ‘active
rest stop of the future.’

gensler

image courtesey gensler

gensler

As a design study, Gensler identified and
incorporated adjacent programmatic
activities which function well within a
dense urban framework, but fall apart
as the density does. The idea of active
rest stops seems to appeal more to the
athletic partnership of Rebok than the
actual demand and use case at current
rest stops. Strangely, the design team
also fails to mention any solution to a
charging or fueling framework should
all of these sites convert to the proposed
community network, even though
autonomous electric vehicles are shown
in all their imagery.
Overall, these design strategies
reinforced demand for integrated
retail and dining, and planted the
seed for a connected network between
certain node sites, and provided some
imaginative, albeit heavy handed ideas
for new use cases.

RECHARGE LA

autocentric activity. While the idea
of a combo food truck-drive incharging stations seems like it would
draw a substantial crowd, the scale
required of the sites as well as the
new proposed infrastructure do
not seem to actually be feasible nor
a thoughtful use of open land in a
dense urban environment.

Woods Bagot’s study, featured in
2020’s ReCharge LA Symposium,
completely reimagines the charging
station into an integrative urban
which activates the streetscape
throughout the day.
Again using one of the core tectonics
of the gas station, their design
strategies explore development of
new large scale urban sites which
use the canopy as a dynamic piece
of architecture throughout the
day from shade to entertainment.
Harkening to LA’s expansive and
diverse car culture, designers were
keen to incorporate elements of
automobilia into these new charging
plazas to help establish the sites as
autocentric experiences.
Beyond the large gesture of the
dynamic canopies however, the
sites are flat plazas with seemingly
random splotches of landscape. The
broader context renders proposed
by Woods Bagot beyond first
glance appear to be integrations
of a parking lot with a similar

woods bagot

image courtesey woods bagot

woods bagot

As a design study, this symposium
was wildly successful in musing
and incorporating ideas of adjacent
autocentric activities however,
falls short in actual thoughtful
implementation on a broader scale
or beyond architectural gimmick
and folly and looks to serve the
upper class car enthusiast. Overall
the shortcomings in broader
planning and implementation of
site were immensely influential in
the subsequent design studies, and
the adjacent use cases shown again
reinforced the implied demand
for retail and dining experiences
integrated within.

GENISIS STATION
The most recent of all the case
studies done by a high profile
architecture firm, Gensler has
partnered with automotive
manufacturer Hyundai to develop
the Genesis charging station
prototype in Seoul, South Korea.
Unlike the last two proposals
however, the scale of this station
is drastically reduced to a pair of
parking spaces. The introspective
and intimate scale of the project thus
pushes the design into the details.
Nearly every facet is meticulously
crafted and refined into a minimalist
surface.
It makes sense, of course, that
a charger would need to match
the upscale design needs for the
Genesis Electric SUV market it is
designed after. A base $50,000 Sport
Utility Vehicle published through
Hyundai’s luxury brand, Genesis,
the chargers are designed to act as
part of infrastructure throughout
the Urban Environment. In the
current prototype however, the
product is marketed as an amenity to

be provided at upscale commercial
districts for office workers to park
their vehicles during the work day.

Morphosis
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Notably, even at this reduced scale,
the design for this charging station
draws heavily from traditional gas
station lineage. The Canopy and faux
pump ground the user experience
in an established reality while again
using their architectural tectonics
to provide a sense of brand and
place. Lastly, unlike the other two
proposals, Morphosis was able to
build working prototypes and begin
to develop an infrastructure. While
even a single level 2 charger that
is shown in a prototype pales in
initial capital investment to the scale
proposed in the other projects, it’s
still a massive capital investment.
Utilitarian level 2 300kW chargers
without brand name design markups
cost well over $100,000 to establish.

WORKSHOP
During the design development of the proposed
hospitality based charging station, a survey was
sent out to a population sample of 20 individuals
- 4 of whom were fellow design students. Each was
tasked with determining the program of a charging
station from the ground up or adaptively reusing
an existing site. The results of the survey, although
anecdotal in it’s population sample, seemed to echo
a common thread. In all cases, the perceived future
of electric vehicle charging stations is utilitarian in
it’s design and layout and expects the customer to
either remain in the vehicle or purchase something
from the convenience store nearby. Unanimously
among all respondents, traditional notions of the
pump being a utilitarian function of the urban
landscape were reinforced in the design responses.
These notions however, are not representative of
the desired outcome to create the “ultimate charging
experience.” Through incorporating elements of
hospitality programming, otherwise unprecedented
in current charging, or even fueling infrastructure,
the intended design outcome will demonstrate
the need for hedonistic hospitality based charging
sites in a market where none currently exist. As a
result, the focus of design has shifted away from the
sustainability of electric infrastructure and reusing
existing building inventory, in favor of implementing
strategies in hospitality for interstate electric
charging stations.

PROMPT

Atomic’s Fill-O-Rama

What are the colors associated with the site:6
What symbols are associated with the site: (star, chevron, circle, etc.):7

DESIGN YOUR OWN SERVICE STATION MAD-LIB

Is the Gas Station of the Future:

Are there more resources distributed other than fuel (water, power, etc.):8
gas / electric

if no

e Do electric charging stations need to exist:
Can at home charging be a provided service:

yes / no

Can chargers exist as part of the urban landscape (streetlights, etc): yes / no

Are sites located:
u Where are the sites located
Is the Construction of that Station:
if new

yes / no

How large is the facility:
How large are the sites:
How Many Vehicles will it service:

1c

urban / rural
infill / corners
new / adaptive
> 2500 sf/ < 3000 sf
>1 acre / < 1 acre
> 8/ < 24

Do you see Fuel/Electricity being rationed:

yes / no

Does the station site play a role in local community:1

yes / no

Is the station only for private transportation (personal cars):

yes / no

Does the station feature public transporation amenities:2

yes / no

Is the station designed exclusively around the car:

yes / no

Is the station sustainably sourcing fuel/power:

yes / no

Is there a target client:1a

yes / no

Is the Primary Focus on Refueling / Recharging:

yes / no

Is the Station Mimetic (Themed):3

yes / no

Does the site offer other auto-centered services (oil, tires, etc.):4

yes / no

Is the Primary Focus on a Mixed Use Aspect:5

yes / no

Are there other activities to do on site: (Circle all that apply)
Movies, gaming, gambling, performances, park/plaza/rest area, shopping

Prompt Page 1

Select from the following typical station and plan

What’s the most memorable gas station you’ve ever been to and why:ª
What’s the most unpleasant gas station you’ve ever been to and why:b
In 3 positive words, describe the modern gas station:c
In 3 negative words, descrive the modern gas station:d
In 3 words, describe the future filling station:e

0.5 Acre

garage

2.0 Acre
sales

In 3 words, what would make the gas station a radically different experience:f

Additional Response Fill-in
1C: If yes, what urban fixture and why?

r.r. & storage

Mid-Century Service Station 800 S.F.
Generic Gas Station siting 1920-2020

1: If yes, How is the site engaging the community?
2: If yes, What sort of public transportation amenities?

sales

1a: If yes, Who is the target client? If no; what community is this placed in?
3: If yes, What is the theme?
4: If yes, What other services?
5: If yes, What is the mixed use?
6: List 2 colors
7: List 1 symbol
8: If yes, what resources?
A:
B:
C:
D:
E:
F:

car-wash

storage

hot food

snacks
& drinks

yes / no

(I am designing a _ station)(I am designing a _ charger) located _ (, sited _). The site is
_ SF and approximately _ acres, and will service _ vehicles. (the existing building is _
SF)(The facility will be _ SF)(and additionally host _). The project is primarily designed
around _ and targets _.

Prompt Page 2

beer
cave
restroom

Present Day Service Station 3500 S.F.
Generic Gas Station form 1920-2020

Generic Gas Station Program 1920-2020

Average Mid-Century Site

Average Modern Site

Searchlight, NV; NTS

Henderson, NV; NTS

Design Prompt: (use prompt or provide 2 sentence description)

Dine-in, Take-out, Drive Through, Grab-n-go
Is the site connected to other buildings:

Adaptive Re -Use

Prompt Page 3

RESPONSES
Fill-O-Rama Design 2:

Fill-O-Rama Design 3:

Fill-O-Rama Design 2:

Fill-O-Rama Design 3:

Floor & Site Plan

Floor & Site Plan

Floor & Site Plan

Floor & Site Plan

Cafe/ Dine-in

EV
Charging

Gas
Pumps

Bus Stop

Library

Food Kiosk

Site Section through Building

Site Section through Building

Site Section through Building
EV
Gas Charging
Pumps

Perspective/Atmospheric Drawing

Selected Respondent Pages

Site Section through Building
Green Space

Perspective/Atmospheric Drawing

Selected Respondent Pages

Green Space

Bus Stop
Food Kiosk

along the 95
BEATTY

LAS VEGAS

SEARCHLIGHT

Traveling north along US State Route 95 in Southern
Nevada, three cities all in various stages of urbanization,
represent the evolutionary process of the gas station over
the last 70 years in the American Southwest. Searchlight,
Las Vegas, and Beatty were selected sites to examine the
relationship between gas stations and urban planning at
rural and urbanized scales. As petroleum distribution has
historically been a regionalistic and at times a vernacular
endeavor, the three sites also simultaneously provided
insight into specific architectural autocentric surfaces and
their regional evolution. Common among all three locations,
the arterial placement of sites, significant implicit influence
on daily life, and eventual usage of sites beyond gasoline
sales created a baseline of current architectural and implicit
urban knowledge which informed the design strategies
applied in the following 12 studies.

SEARCHLIGHT, NV
in service
abandoned

1
3

2

4

Besides the community park, a patch of grass and a toddler’s
play structure, residents and visitors of Searchlight are scant
on anything to do in town other than visiting the gas station.
5

xx
xx

49 miles South of the Hoover Dam lies the town of
Searchlight, Nevada. Founded 1897 as a gold mining
boom town and later sustaining as a labor pool for the
construction of the Hoover Dam, Searchlight has declined
in population over the past century to only 318 residents
in 2020, 41% leaving over the last decade alone. Once
a burgeoning gaming town, Searchlight became a rest
stop along the way to Cottonwood Cove or Las Vegas after
the mob ordered burning of the El Rey Casino in 1965.
Despite this deterioration and depopulation, Searchlight is
architecturally remarkable for it’s autocentric urbanization.
The North-South town layout is dedicated to servicing
Veterans Memorial Highway and is bifurcated by the ‘main
street’, Nipton/Cottonwood road. Visitors to Searchlight
who journey beyond the interstate will be quick to notice the
town post office, fire station, elementary school, park, and
civic center among the streetscape of modular and double
wide homes in various states of disrepair.

Number of Gas Stations in Searchlight, NV

Terrible Herbst, which operates the largest of the five
stations in Searchlight, provides the only entertainment and
dining.

Sited on opposite ends of the Memorial Highway, the
Herbst Convenience store and Roadhouse Casino co-house
a Denny’s, McDonalds, and full service casino. Blending
programmatic elements from a truck stop, the gas station is
particularly popular among freight truck drivers along the
route.

Vacant Gas Station Site, 2008

The Gas Station as Sales Space

The Town Country Store, the second station in town, caters
to speed boaters and petrolheads alike by selling high
octane race fuel that is otherwise not sold at typical stations.
Like the Herbst facilities, the Town Country store proudly
advertises gaming and liquor in fluorescent lighting along
the facade and services a catchment of largely transient
customers.
The remaining three stations in Searchlight have all gone
out of business. One of the abandoned locations, and first
building to greet visitors traveling south, has been adapted
into various forms of gift shops and tribal stores only to
remain unoccupied over the last decade. Continuing less
than a mile down the road, another abandoned station
has sustained success as a prominent boat repair and sales
shop catering to the local lake industry, only recently to
deteriorate into a boat scrapyard along the freeway. Beyond
just filling the demand for commercial space within the
town, gas stations have shaped the urban fabric and left
lasting impressions on the livelihoods of everyone actually
living in Searchlight.

Vacant Gas Station Site, 2021

The Gas Station as Marine Repair

Vacant Gas Station Site Sign, 2021

LAS VEGAS, NV
408 locations

There is a lot one can say architecturally about
Las Vegas. Denise Scott Brown and Robert
Venturi wrote the magnum opus of the duck
and decorated shed directly in response to
their visit here. However, their observations
en masse stretch far beyond the casinos of
Las Vegas Boulevard, Gas Stations have been
watching too.
Perhaps it’s their proximity to the gaming
capital of the world that has driven their
designs, but the Gas Stations of Las Vegas have
directly responded to the scale and speed of
the automobile by creating veritable gas station
havens which each take a slice of Las Vegas
inside with them. Go into any gas station in the
valley and you’ll be able to find anything you
would in a casino - video poker, slot machines,
ATM and Crypto exchanges? Check. A wide
variety of cold drinks and alcoholic beverages?
Check. A schmorgus board of all you can eat
gastronomically challenging dishes? Well, it
may not earn one of those michelin stars, but
check.

xx
xx

Number of Gas Stations in Las Vegas, NV

Las Vegas is also unique in its predisposition
to finding itself founded after the automobile.
Every aspect of the city’s design has been
done so around the car. For better or worse,
Las Vegas has co-evolved with the automobile
to create a city for the car. One of the major
arteries into and out of Las Vegas, Interstate 15,
is home to once the largest gas station in the
world. A staggering 96 pumps, the complex
was created in response to the immense
demand for gasoline from Los Angeles to Las
Vegas.
The World’s Largest Gas Station, Jean, NV

The Gas Station as a Sign

The Innovation Ground for Roadside Sings

The Gas Station as Tire Repair

While the services and products of Gas
Stations in Las Vegas may not be unique, their
design sets them apart from their colleagues
across the country. The examples shown on
the left show the relationship between the
developments of Las Vegas and the largest
local distributor in town, Terrible Herbst.
Terrible’s has been the leader in creating the
most hospitality based facilities in the Valley
through overt construction such as their 90’
tall Sign, or implicitly through their selection
of higher quality finishes in store. There is a lot
to learn from the Gas Stations of Las Vegas.

Huntridge Gas Station, Las Vegas, NV

BEATTY, NV
in service

The last stop along the Southern Nevada Interstate
95 case study is the town of Beatty. Like Searchlight,
Beatty found its foothold as a mining town in 1906.
Unlike Searchlight however, the population has
slowly grown over the past 30 years.

abandoned

A burgeoning town on the footsteps of Death Valley,
Beatty caters towards regional desert tourism with
museums, ghost towns, and services to the nearby
national park, an economic shift since mining
operations largely ceased in. 2050 Census projections
in conjunction with the department of energy
estimate that Beatty will continue to shift focus with
significant growth in healthcare, manufacturing, and
service industries projected, to produce a significant
portion of Nye County’s Gross Domestic Product.

1

2
3

4

xx
xx

Number of Gas Stations in Beatty, NV

Should 2020 growth projections be accurate, the
current urban layout and infrastructure of Beatty
will not adequately meet non-specialized commercial
space demands. At the time of observation, beyond
hospitality tourist services and singular coffee shop
and diner, there is no commercial zone in Beatty
beyond Main Street. For residents, should a grocery
trip exceed the offerings at the local dollar general, a
trip to the nearest supermarket in Pahrump over 100
miles away is necessitated.

The state of the Gas Station in Beatty is a mixture
of Searchlight and Las Vegas. Like Searchlight,
the abandoned gas stations have fulfilled the roles
of various commercial endeavors, while the ones
lucky to still be operational function as part of the
county store for visitors passing through to Death
Valley. Unlike Searchlight however, the proportion
of petroleum sites to population is much more
appropriate.

The Gas Station as Tire Shop

The Gas Station as General Store

The Gas Station as Restaurant

The Gas Station as Casino / Hotel

There is another side to the story of the Gas Station
in Beatty however. Terrible Herbst, the regional
kingpin of gas stations in Southern Nevada runs and
operates the largest station in Beatty, which is also
home to the only casino, hotel, and largest store in the
city. The monopoly on activities in Beatty, much like
Searchlight, is dictated by the corporate hand of the
petroleum distributor in town.

Beatty Tire Repair Shop, Beatty, NV
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Things such as parking meters, streetlights,
and transformers are found throughout the
urban environment and could be redesigned
into the 21st century to incorporate functions
beyond being an offsite improvement. Further,
initiatives such as this would bring the
accessibility of electric vehicles to everyone’s
lifestyle, rather than those who are established
and own single family homes.

Charging at home

Percent of time spent charging

The initial design proposal for a different
perspective on charging infrastructure is
the most banal, yet in all likelihood the most
probable to implement and actually use at a
large scale. Over 50% of all EV owners will
prefer to charge at night at home or while
they are at work, yet the majority of all EV
owners make well in excess of six figures, with
many already owning homes and a place to
house infrastructure for their vehicles. The
new incoming population of lower market EV
owners which target the middle class will need
to find ways to charge their vehicle at home
that is not through a traditional garage if they
do not have access to it. Developers placing
electric infrastructure already required on site
could begin to incorporate electric charging into
their developments with products that include
electric vehicle charging into their function.

90

BRIGHT-IDEA

120

Charging Events by Location; 2012-2014

CHARGING HABITS

Beyond the obvious of quicker charge times
though, customers have indicated several
amenities that would be desirable near charging
infrastructure. While many of these desirable
locations are predictable, they hint back at the
idea that electric charging infrastructure needs
to either be an immersive and engaging activity,
or one that can stimulate commerce and retail
by being in close proximity to strip malls and
destinations around town. For the purposes of
this thesis, the indicative trend of gamification
and incentive to return is the primary driver
behind the following design proposals.
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Grocery stores

48%
42%
1.7%
Recretion

2015

Level 1
72%

57%

5,461

Conventional

The locational preference for EV charging
locations is predictable among the current
demographic of owners however, the data
indicates potential growing markets where EV
infrastructure could implement successfully
into. Currently nearly 60% of all EV owners will
charge nightly at home, with some infrequent
charging away from home. The most desirable
feature among all owners is the ability to reduce
charge time, or not be constrained to a single
location - charging at home eliminates this
inconvenience and is a major drive for nearly all
owners having some charging infrastructure in
their home.

EV & Homeowners with Home Charging

both

EV Home Charge Frequency
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PLUG-IN-MOVIES
In 1958 at their peak, the National Association of
Theater Operators reported that there were over
4-thousand drive-in theaters throughout the United
States. Over the last 60 years that number has been
steadily declining to a staggering 320 locations
throughout the nation. In a 1988 interview with the
LA times Malcom Green, president of the theater
owners group, said several factors have prompted the
decline in drive-ins, including suburban real estate
development, the faded novelty of automobiles,
smaller numbers of traditional families and
competition from multi-screen theaters in shopping
malls.
While architecture may not be able to directly
address the issues of traditional nuclear families and
their affinity for drive-in cinemas, it can certainly
address the novelty of the automobile and the
accessibility of theater screenings. Plug-in Movies is
an architectural proposal which seeks to revitalize
both the drive-in theater, as well as the suburban
shopping mall parking lot. Through mixing elements
of a drive-in cinema with vacant parking lots of big
box stores, the site sees a greater utility throughout
the day and creates incentives for visitors to spend
more money outside their primary engagement
for the evening while simultaneously creating an
excellent embedded charging experience.

30m-1hr

supercharger

Average Charge Time Away
From Home

Average Length of Top 10 Grossing Films 1980-2021

Average Length in Minutes

150

100

50

0

18 acre
parking lot
Town Square, Las Vegas, NV

Drive in Movies are perhaps the most
low hanging fruit to incentivise drivers
to use charging complexes in existing
retail components. That being said,
auto manufacturers have implemented
similar methods in their own vehicles
to try and entertain owners while they
wait to charge up. Tesla in particular
has implemented an arcade in their
infotainment system which drivers
can play via the driving controls in
the car. It’s not a stretch to imagine a
service provider being able to offer wifi,
exclusive streaming services, or even a
traditional drive in theater experience to
entice EV owners to both use and return
to their services as an activity rather than
a chore.

1980

1990

2000

2010
Year

2020

2021

Furthermore, if these incentives are
placed in areas where the site is typically
inactive through certain parts of the day,
eyes on the site increase both security
and functionality, ultimately driving the
value of the property up with it.

SPARK-N-RIDE
In 2021 Las Vegas saw over 32 million visitors
to the valley, with over 13% or 4.18 million
visitors using rental cars as a primary means
of transportation. Alarmingly, only 4% used
public transit despite over 75% of all guests
staying and spending the majority of their time
along Las Vegas Boulevard or Downtown Las
Vegas. Tangentially, the rental car industry is
simultaneously shifting their fleet inventory
to include more EV and PHEV vehicles at an
exponential rate, and the Pacific Southwest (Las
Vegas included) is one of the largest rental car
markets in the world.
A proposal to both cut traffic through Las Vegas
hospitality corridors and encourage greater
EV accessibility to guests, Spark-N-Ride looks
to attract the 13% of rental car drivers and the
37% market share of visitors who opt to use
ride share programs. Through a combination
of hospitality driven adaptive reuse of existing
facilities and gamification partnerships with
the local gaming and RTC industries, Spark-NRide looks to increase public ridership along
the Las Vegas Boulevard Corridor and create the
ultimate guest charging experience.

The Deuce Route along Las Vegas boulevard is
the only public transportation line that accesses
the Las Vegas Strip. That exclusivity grants the
RTC an annual average of 3 million riders along
that one route, with nearly a quarter using
bicycles in tandem with their services. If public
transportation initiatives were encouraged
along the Deuce corridor, conversions of
existing fuel canopies into conditioned park
and ride transit stops could encourage the
disproportionate amount of visitors taking their
own car or an uber to try alternate methods
of transportation. This would both alleviate
congestion and smog along the Strip Corridor
and encourage self propelled or battery assisted
personal transportation.
The flexibility of these sites lend themselves
to functioning either as a car share service like
zip car for longer distance trips to the greater
metropolitan area, or as part of a metropolitan
transit system in the downtown Las Vegas Area
where there has been a significant increase in
cycle traffic. Furthermore, the success of these
sites does not have to be limited to developing
the gaming corridor along Las Vegas Boulevard.
Throughout the valley there is a need for safe
and conditioned transit stops. Additionally,
these conditioned spaces can function as places
for direct engagement community programs.

Las Vegas Visitor Transit Choices, 2021
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AUTOPIA TOWERS
Everyday, the stretch of Interstate 15 between
Los Angeles and Las Vegas sees an average
vehicle traffic of 48,000 cars. Assuming 2%
of all vehicle traffic between the two cities is
done so in an electric vehicle, 960 EVs will be
making long distance trips across state lines and
will require some sort of mid-route charging
infrastructure. Unfortunately, while there is a
variegated bounty of charging stations within
the developed urban landscape, the inverse
exists within the boundary of the hinterlands.
While several public jurisdictions have
attempted to address the problem through the
addition of EV plugs at rest stops, the two to
four outlets at each stop combined with the
current several dozen additional stations on
route can only accommodate a few hundred
electric vehicles. Furthermore, commercial
endeavors to create enjoyable spaces that get
customers out of their cars and spend money
while they charge has failed.
Autopia Towers is a proposed master plan in the
Ivanpah valley which combines on-site energy
generation and banking with Hotel Resort and
Casino amenities to create the ultimate charging
experience for a growing high end EV market
segment.

6’ Diameter, 2500lb flywheel @ 10k RPM
Located near the Ivanpah solar generator
towers and fields along the Nevada state line,
the 777’ tall Autopia towers cater to a high-end,
ecologically sensitive customer. In 2020 & 2021
nearly 30% of all visitors to Las Vegas and all
EV owners made more than $100,000. As a
first in its class resort catering to the luxury EV
customer, the design of the tower incorporates
a porte cochere on each guestroom floor to both
charge and provide immediate & discreet valet
service to guests. In lieu of the area required for
parking on site, a solar field in conjunction with
several banks of flywheel batteries offset and
bank energy for facility operations. Creating a
symbol of class, destination, and sustainability,
Autopia is master planned in partnership with
the upcoming Ivanpah International Airport,
to provide and store clean energy for their
facilities and the surrounding towns of Jean and
Primm.
EV Consumer by Income; 2020

NV

Primm, NV
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=
Ivanpah
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Las Vegas Visitors by Transit
12,100 18650 Battery Cells; 140kwh
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Air

412,500 S.F.
5,750 kWh
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Re-allocating the land needed for
surface paved parking to a solar field,
the 412,000 S.F. required to park can
generate an estimated 640,000 kWh
a day using a 5,750 kWh array. For
perspective, the energy required to
charge all 2% of vehicles across the
stateline is 86,400 kWh a day. While
the surplus energy generated goes to
supply the electricity required for facility
operations, additional energy is stored in
3 flywheel battery storage floors below
each tower. The batteries, which consist
of 10 banks of 12 6-foot diameter 2500lb
disks spinning at 10,000 rpm have the
capacity to store 16,800 kWh each, for a
combined storage of 151,200 kWh across
all towers. While the facility generates
far more energy than it consumes, the
design intention is to backfeed the local
grid, specifically in partnership with the
expansion to LAS international airport
in the Ivanpah valley and planned rail
depots.

WATTS NEXT?
While it’s difficult to predict the exact trajectory
of the electric vehicle charging market, it’s safe
to say there are some underlying trends which
are starting to lay the framework for tomorrow’s
charging infrastructure in the United States.
Key to all of this functioning however, is the
accessibility of service to everyone. A reliable
and accessible framework, much like what
was seen with gas stations and the internal
combustion engine must be in place for electric
vehicles to gain any widespread traction,
especially with demographics which would be
slow to adopt such radical technological change.
That being said, the future of transportation
may not be electric at all. Alternate energy
methods, such as hydrogen fuel cells are also
reaching the mass market and are being tested
in the court of public opinion. While only time
and the collection of data around the EV market
will paint the comprehensive picture of the
correct EV charging design as it replaces current
technologies, hopefully the design outcome and
model of operation is not a carbon copy of its
predecessor.

What would be the next steps to try and prove the ideas
proposed in some of the design solutions within your
thesis?
- Glenn Nowak, AIA, UNLV
How will these solutions adapt to the unique conditions
and user base of rural areas who typical do not adopt EV?
- Sean Coulter, AIA, Simpson Coulter Studio
What is the efficacy and adaptability of these proposed
solutions as the technology behind EV charging evolves?

Reliable and Interconnected Charging Network

Graphene Based Batteries

Accessible EV Charging in High Density Housing

Hydrogen Fuel Cell Technologies

- Carson Nolan, AIA, Simpson Coulter Studio
Could you consider the usage of potential energy storage
in lieu of flywheel technology as proposed in Autopia
Towers to highlight energy production?
- Deborah Oakley, PE, RA, UNLV
Wanted to say that your deck looked great and I really
like the ideas you came up with! I appreciate you
allowing me to watch the presentation and should there
be anything you need in the future, please don’t hesitate
to reach out.
- Matthew Mitchell, SVP Marketing, Terrible Herbst

REFERENCES:
Fine, A. (2021, August 19). Natural gas vehicle industry shifts to full
carbon-negative future. NGT News. https://ngtnews.com/natural-gasvehicle-industry-shifts-to-full-carbon-negative-future.

Carlier, M. (2021, August 4). Number of cars sold in the U.S. per year
1951-2020. Statista. https://www.statista.com/statistics/199974/us-carsales-since-1951/https://www.statista.com/statistics/199974/us-carsales-since-1951/a.com/statistics/199974/us-car-sales-since-1951/.

Francis, M., & Miller, E. (n.d.). U.S. energy Information administration
- eia - independent statistics and analysis. State-level average annual
gasoline expenditures per capita ranged from $400 to $1,400 - Today in
Energy - U.S. Energy Information Administration (EIA). https://www.
eia.gov/todayinenergy/detail.php?id=40893.
Frequently asked Questions (faqs) - U.S. Energy Information
Administration (EIA). Frequently Asked Questions (FAQs) - U.S. Energy
Information Administration (EIA). (n.d.). https://www.eia.gov/tools/
faqs/faq.php?id=727&t=6.

Published by Statista Research Department, & 11, M. (2021, May 11).
U.S. C-Stores Merchandise Sales 2020. Statista. https://www.statista.
com/statistics/308783/us-convenience-stores-merchandise-sales-bycategory/.
Sleegers, F., & Hisle, M. (2018). Redesigning abandoned gas stations
through phytotechnologies. Phytoremediation, 3–20. https://doi.
org/10.1007/978-3-319-99651-6_1
U.S. Bureau of Labor Statistics. (n.d.). About the gasoline stations
subsector. U.S. Bureau of Labor Statistics. https://www.bls.gov/iag/tgs/
iag447.htm.

Carlier, M. (2021, August 4). U.S. domestic demand for GASOLINE
1990-2019. Statista. https://www.statista.com/statistics/188448/totalus-domestic-demand-for-gasoline-since-1990/.

Gross, D. (2016, June 10). Gas stations could soon be as quaint as
bookstores and soda fountains. Slate Magazine. https://slate.com/
business/2016/06/why-americas-gas-stations-are-running-out-oftime.html.

Carlier, M. (2021, August 6). U.S. vehicle sales by type and month 2021.
Statista. https://www.statista.com/statistics/204342/comparison-of-usvehicle-production/.

Graves, S. M. (2017). Convenience stores: A Landscape Perspective.
Yearbook of the Association of Pacific Coast Geographers, 79(1),
134–152. https://doi.org/10.1353/pcg.2017.0007

American Petroleum Institute. (n.d.). Service station faqs. Energy API.
https://www.api.org/oil-and-natural-gas/consumer-information/
consumer-resources/service-station-faqs.

Coffey, B., & Norris, D. (2000). The Persistence of Use and Adaptive
Reuse of Gas Stations: An Example from Western New York.
<i>Material Culture,</i> <i>32</i>(2), 43-54. Retrieved August 29,
2021,

Gudis, C. (2004). Buyways: Billboards, automobiles, and the American
landscape. Routledge.

Wood, S. and Browne, S. (2007), “Convenience store location planning
and forecasting – a practical research agenda”, International Journal of
Retail & Distribution Management, Vol. 35 No. 4, pp. 233-255. https://
doi.org/10.1108/09590550710736184

The Association for Convenience & Fuel Retailing. (n.d.). U.S.
convenience store count. convenience.org. https://www.convenience.
org/Research/FactSheets/IndustryStoreCount.

Centers for Disease Control and Prevention. (2018, April 4). CDC.
Centers for Disease Control and Prevention. https://emergency.cdc.gov/
agent/benzene/basics/facts.asp.

Hilpert, M., Rule, A. M., Adria-Mora, B., & Tiberi, T. (2019). Vent pipe
emissions from storage tanks at gas stations: Implications for setback
distances. Science of The Total Environment, 650, 2239–2250. https://
doi.org/10.1016/j.scitotenv.2018.09.303

Wu, M., Mintz, M., Wang, M., & Arora, S. (2009). Water consumption
in the production of ethanol and Petroleum Gasoline. Environmental
Management, 44(5), 981–997. https://doi.org/10.1007/s00267-0099370-0

A. Y. S. Lam, Y. -W. Leung and X. Chu, “Electric Vehicle Charging Station
Placement: Formulation, Complexity, and Solutions,” in IEEE Transactions
on Smart Grid, vol. 5, no. 6, pp. 2846-2856, Nov. 2014, doi: 10.1109/
TSG.2014.2344684

Chuang, Y.-C. (2005). Effects of neighbourhood socioeconomic status
and convenience store concentration on individual level smoking.
Journal of Epidemiology & Community Health, 59(7), 568–573. https://
doi.org/10.1136/jech.2004.029041

Bagdare, S., & Jain, R. (2013). Measuring retail customer experience.
International Journal of Retail & Distribution Management, 41(10), 790–804.
https://doi.org/10.1108/ijrdm-08-2012-0084

Correa, S. M., Arbilla, G., Marques, M. R. C., & Oliveira, K. M. P. G.
(2012). The impact of BTEX emissions from gas stations into the
atmosphere. Atmospheric Pollution Research, 3(2), 163–169. https://doi.
org/10.5094/apr.2012.016

Alves Ribeiro Rosa, J. G., Armellini, F., & Robert, J.-M. (2021).
Capturing future trends in customer needs for the design of nextgeneration gas station services. Proceedings of the 21st Congress of the
International Ergonomics Association (IEA 2021), 781–787. https://doi.
org/10.1007/978-3-030-74602-5_106
American Petroleum Institute. (n.d.). Service station faqs. Energy API.
https://www.api.org/oil-and-natural-gas/consumer-information/
consumer-resources/service-station-faqs.

Babcock, B. A., & Pouliot, S. (2013, August 12). Card @ Iowa State
University. Center for Agricultural and Rural Development
Leadership in Economic Analysis to Improve Agricultural, Food, and
Environmental Policy. https://www.card.iastate.edu/products/policybriefs/display/?n=1188.

Foley, A. M., Winning, I. J., & O Gallachoir, B. P. (2010). State-of-the-art
in electric vehicle charging infrastructure. 2010 IEEE Vehicle Power
and Propulsion Conference. https://doi.org/10.1109/vppc.2010.5729014
Foley, A., Tyther, B., Calnan, P., & Ó Gallachóir, B. (2013). Impacts of
electric vehicle charging under Electricity Market Operations. Applied
Energy, 101, 93–102. https://doi.org/10.1016/j.apenergy.2012.06.052

Jakle, J. A., & Sculle, K. A. (2002). The gas station in America. Johns
Hopkins University Press.
Jin, C., Tang, J., & Ghosh, P. (2013). Optimizing Electric Vehicle
Charging: A customer’s perspective. IEEE Transactions on Vehicular
Technology, 62(7), 2919–2927. https://doi.org/10.1109/tvt.2013.2251023
Morrow, K., Karner, D., & Francfort, J. (2008, November). Plugin Hybrid Electric Vehicle Charging Infrastructure Review. US
Department of Energy. https://www.ctc-n.org/sites/d8uat.ctc-n.org/
files/resources/phevinfrastructurereport08.pdf.
Onianwa, P. C., Jaiyeola, O. M., & Egekenze, R. N. (2003). Heavy
metals contamination of topsoil in the vicinities of auto-repair
workshops, gas stations and motor-parks in a nigerian city.
Toxicological & Environmental Chemistry, 84(1-4), 33–39. https://doi.
org/10.1080/02772240309820

U.S. Energy Information Administration - EIA - independent statistics
and analysis. Use of gasoline - U.S. Energy Information Administration
(EIA). (2021, May 26). https://www.eia.gov/energyexplained/gasoline/
use-of-gasoline.php.

